The total saponins extracted from the roots of Panax notoginseng have been regarded as the principal components manifesting the pharmacological activities of the drug. In order to compare the similarities and differences of microbial and mammalian metabolism of PNS, liquid chromatography coupled with mass spectrometry and tandem mass spectrometry has been applied to investigate the constituents and metabolites of the microbial transformations by three fungi Absidia coerulea, Acremonium strictum, and Curvularia lunata, and metabolism in rats. A total of thirty-seven peaks were detected and thirty-one peaks were identified by comparing the retention times and MS spectra with those of reference compounds and literature data. Twentyeight peaks were found both in microbial and rat metabolism samples of PNS. Their structures were identified by comparison of the retention times and MS spectra with those of reference compounds. A number of isomers were identified after the metabolism.
Panax notoginseng (Burk.) F. H. Chen is a highly valued and important traditional Chinese medicine with a variety of effects, including promotion of blood circulation, removal of blood stasis, induction of blood clotting, relief of swelling and alleviation of pain. Recently it has also been used for the treatment of coronary heart disease and cerebral vascular disease with favorable results [1] . Phytochemical and pharmaceutical studies have shown that protopanaxadiol-type and protopanaxatriol-type saponins are the major bioactive principles [2] . So far, about 60 saponins have been isolated from the different parts of P. notoginseng [3] . The main active saponins are ginsenoside Rg 1 , Rb 1 , Re, Rd and notoginsenoside R 1 . A number of studies on the quantification of the total saponins of P. notoginseng (PNS) have been reported using HPLC-UV, HPLC-RI, and HPLC-ELSD methods [4] [5] [6] . Liu et al. [7] have systematically studied the constituents in P. notoginseng by HPLC-MS. Up to now, there has been no report on the metabolic components in rat after administration of PNS.
Microorganisms and their enzymes are increasingly used as a useful tool in the metabolism study of natural and synthetic organic compounds. Utilization of microbes as models for mammalian metabolism of xenobiotics was postulated in the early 1970s [8] , and several reviews and updates of this work have been reported [9, 10] . In recent years, our laboratory has carried out a number of studies on the microbial models of mammalian metabolism [11] [12] [13] [14] [15] [16] [17] [18] .
In our previous papers, the microbial transformation of ginsenoside Rg 1 , Rb 1 , Re, and notoginsenoside R 1 by Absidia coerulea, Acremonium strictum, and Curvularia lunata were reported and several metabolites were identified [19] [20] [21] . Absidia coerulea showed the ability to transform the protopanaxatrioltype saponins, and Acremonium strictum and C lunata the protopanaxadiol-type saponins. In this paper, we compare the similarities and differences of microbial and mammalian metabolism of PNS by HPLC-ESI-MS/MS. Most of the metabolites were observed in both the microbial and mammalian metabolisms of PNS, which, to some extent, justifies the use of microbial models for mammalian metabolism.
Tandem mass spectrometry of reference compounds: Positive ion mode was selected for ESI-MS analysis in this study, as it provided extensive structural information via collision-induced dissociation (CID). In positive ion ESI mode, [M+H] + and a series of fragment ions were given. The information of [M+H] + helped to confirm molecular weight, and fragment ions in the (+) ESI-MS spectra could give information on the aglycon and sugars. The fragment ions m/z 441, 423, and 405 correspond to the structure of the aglycon of protopanaxatriol-type ginsenosides, and m/z 443, 425, and 407 to the structure of the aglycon of protopanaxadiol-type ginsenosides.
Twenty-six reference compounds of ginsenoside were analyzed by HPLC-MS to provide their retention times and mass spectra for comparison with those of peaks detected in the samples. The total ion current (TIC) chromatogram is shown in Figure 1 ; their structures are shown in Table 1 . In positive ion mode, all of these compounds were well detected.
HPLC-ESI-MS/MS analysis of the microbial metabolism samples:
The chromatogram of the sample is shown in Figure 2 . The metabolites were well separated and detected by using the HPLC-ESI-MS/MS method. retention times and MS spectra with those of reference compounds, a total of 26 peaks were identified. The MS data and the identification results are shown in Table 2 . For all of the saponins, [M+H] + and the fragment ions were observed. These results provided reliable information for confirming the molecular weights and structures of the compounds.
Based on the LC/MS analysis, one can see that three major protopanaxatriol-type saponins of PNS, ginsenosides Rg 1 , Re and notoginsenoside R 1 were missing in the Absidia coerulea transformed sample. Our previous study has reported that these protopanaxatriol-type saponins could be transformed The LC/MS analysis of Acremonium strictum and Curvularia lunata samples showed different peaks, including ginsenosides Rg 1 , Re, Rh 2 , notoginsenoside R 1 , and compound K, compared to the Absidia coerulea sample.
HPLC-ESI-MS/MS analysis of the rat metabolism samples:
The chromatogram of the rat metabolism sample is shown in Figure 3 . Thirty-seven peaks were detected. Thirty-one of the constituents and metabolites were identified by comparing the retention times and MS spectra with those of reference compounds and literature data. They are the major saponins of P. notoginseng, including ginsenosides Rg 1 , Rb 1 , Rd, Re, notoginsenoside R 1 and the metabolites which were confirmed by microbial transformation. Seven peaks in the rat metabolism samples were deduced, on the basis of their MS data, as notoginsenoside R 3 or isomer, notoginsenoside G, malonyl-ginsenoside Rb 1 or isomer, 20(S)-ginsenoside Rf, 20(R)-ginsenoside Rf, and notoginsenoside K. Two unknown glycosides were detected in the urine and feces samples. In this study, the similarities and differences of microbial and mammalian metabolism of PNS were investigated by HPLC-ESI-MS/MS. A total of thirtyseven peaks were detected, of which thirty-one were identified by comparing the retention times and MS spectra with those of reference compounds and [20, 21] . Their structures were fully characterized by NMR spectroscopy and MS. All fungi were purchased from the China General Microbiological Culture Collection Center in Beijing.
HPLC grade acetonitrile was purchased from Merck Company (Darmstadt, Germany). Deionized water was purified by the Milli-Q system (Millipore, Bedford, MA, USA). Other chemicals and solvents were all of analytical grade.
In vivo metabolism of PNS in rats:
Six male Sprague-Dawley rats weighing 200 ± 20 g were obtained from the Laboratory Animal Center of Shanghai University of Traditional Chinese Medicine. They were kept in an environmentally controlled breeding room for 3 days before starting the experiments and fed with standard laboratory food and water; they were fasted overnight before the test. They were administered the same dosage of water as the control group, and urine and feces were collected. Then they were kept in metabolic cages for 48 h without food, but with water after oral administration of PNS at a dose of 800 mg/kg. Urine and feces were collected for 48 h and stored at -80 o C until extraction and analysis. Rat urine was extracted with an equal volume of n-BuOH three times. The extract was evaporated to dryness in a rotary evaporator and dissolved in 0.5 mL methanol for analysis. Feces was extracted in 30 mL methanol for 30 min, then filtered, evaporated to dryness and dissolved in 1 mL of methanol for analysis. Two samples were filtered using a 0.45 μm membrane before analysis and a 5 μL volume was injected into the HPLC for analysis.
Microbial metabolism of PNS:
Three fungi, Absidia coerulea AS 3.3389, Acremonium strictum AS 3.2058, and Curvularia lunata AS 3.1109, were selected for the preparative-scale biotransformation after preliminary screening tests. After the culture had been incubated for 24 h, 25 mg substrate was added to the medium and incubated at 26 o C with the rotary shaking at 160 rpm in the dark. The incubation was allowed to continue for 7 days. The culture was filtered and the filtrate was extracted with an equal volume of n-BuOH, three times. The extract was evaporated to dryness in a rotary evaporator and dissolved in 0.5 mL methanol for analysis. The sample was filtered using a 0.45 μm membrane before analysis and a 5 μL volume was injected into the HPLC for analysis.
HPLC-MS systems: HPLC-MS
n analysis was performed with an Agilent 1100 Series HPLC and FinniganLCQ Advantage ion trap mass spectrometer (Thermo Finnigan, San Jose, CA, USA) equipped with an ESI source, with Xcalibur 1.3 controlling software. Nitrogen (N 2 ) was used as the sheath and auxiliary gas, and helium (He) as the damping and collision gas. The mobile phase consisted of acetonitrile (A) and 0.2% acetic acid in water (B), with a gradient from 25 to 30% A over the first 10 min, then to 33% for 10 min, and then changed to 70% for 50 min. The LC effluent was introduced into the ESI source in a post-column splitting ratio of 2:1. Mass spectra were acquired with the optimized parameters in the positive ion mode: ion spray voltage, 4.5 kV; sheath gas (N 2 ) pressure, 50 arbitrary units; auxiliary gas (N 2 ) pressure, 10 units; capillary temperature, 350 o C; capillary voltage, 30 V. For full-scan MS analysis, the spectra were recorded in the range of m/z 30-1200. A data-dependent scan program was used in the liquid chromatography/tandem mass spectrometry analysis so that the three most abundant ions in each scan were selected and subjected to MS/MS analyses. The collision-induced dissociation (CID) energy was adjusted to 45%. The isolation width of the precursor ions was 1.0 m/z.
